Abstract: Six compounds were isolated from the stems of Clausena lansium (Lour.) Skeels by repeated sillica gel column chromatography. Their chemical structures were elucidated on the basic of physicochemical and spectroscopic data. Among them, 8-geranyloxypsolaren (3) and 2-methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde (6) were isolated for the first time from this plant. These compounds were screened for cytotoxicity in human cervical cancer (Hela), leukemia (K562), lung cancer (A549), non-small lung carcinoma (H1299) and liver cancer . Within the series of cytotoxic tests, compounds 4-6 displayed potent cytotoxic activity against H1299 and SMMC-7721, with the IC 50 values of 6.19 to 26.84 μg/mL.
Introduction
Clausena lansium (Lour.) Skeels (Rutaceae) is widely distributed in the south of China. In Traditional Chinese Medicine, the leaves of C. lansium are used for cough, asthma, viral hepatitis, dermatological, and gastrointestinal diseases. Different parts of this plant are used as folk medicines for treatment of acute and chronic viral hepatitis in China [1] [2] [3] . It was reported that carbazoles and coumarins from C. lansium exhibited a variety of bioactivities such as antimicrobial [4] [5] [6] [7] [8] , anti-inflammatory [9] [10] [11] [12] , cytotoxicity [13] [14] [15] [16] and anti-HIV effects [17, 18] , but no detailed research has been reported about the cytotoxic activity of the compounds isolated from the stems of C. lansium. Therefore, as a series of our further research on the stems of C. lansium, imperatorin (1), isoimperatorin (2), 8-geranyloxypsolaren (3), 3-formylcarbazole (4), methyl carbazole-3-carboxylate (5) and 2-methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde (6) ( Figure 1 ) were isolated and tested for their cytotoxic activities against Hela, K562, A549, H1299 and SMMC-7721 tumor cell lines in vitro. In this paper, we report the isolation, structure elucidation of these six compounds, which include two compounds isolated for the first time from this plant and the cytotoxic activity of compound 3-6 against K562, A549, Hela, H1299 and SMMC-7721 tumor cell lines. 
Results and Discussion
Compound 3 was isolated as yellow crystals. The showed its molecular formula to be C 21 H 22 O 4 . The NMR spectra of compound 3 was similar to those of compound 1, except that in 1 a isoprenyl was absent at C-5''. In the HMBC spectrum of compound 3, the isoprenyl position was confirmed by the correlations of H-2''/C-4'', C-5''; H-5''/C-2'', C-3'', C-6'', C-7''. Ultimately, compound 3 was determined to be 8-geranyloxypsolaren. It has been isolated from this plant for the first time.
Compound 6 was obtained as yellow needles. C-NMR spectrum displayed one aldehyde group, one methoxy carbon and the isoprenyl group. The above information indicated that the structure of 3-formyl-2-methoxycarbazole O-methylmukonal isolated from Murraya Siamensis [19] was similar to that of compound 6, except for the presence of one isoprenyl at C-l. The H-H COSY spectrum exhibited the correlations between H-5/H-6, H-1'/H-2' and H-2'/H-3'. The HMBC spectrum displayed the cross-peaks from H-1' to C-1, C-2, C-2', C-3', and H-2' to C-3', C-4', C-5'. The cross-peaks in HMBC spectrum from H-4 to C-4a, C-9a, C-3, and 3-CHO to C-4, C-4a, C-2 were in accordance with the assignment of 2-methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde ( Figure 2 ). It also has been isolated from this plant for the first time. The cytotoxicity of six compounds was evaluated against Hela, K562, A549, H1299, SMMC-7721 cancer cell lines, with doxorubicin (DOX) as the positive control. The results are summarized in Table  1 . Among the tested compounds, compound 4 showed the most potent cytotoxic activity against K562, H1299 and SMMC-7721 with IC 50 values of 12.71, 13.23 and 6.19 µg/mL. Compound 5 also exhibited potent cytotoxicity against H1299 and SMMC-7721, with IC 50 values of 15.77 and 10.69 µg/mL. However, Compound 6 merely exhibited potent cytotoxic effect against SMMC-7721, with an IC 50 value of 7.61 µg/mL, and showed weak cytotoxic activity against the other cancer cell lines. Up to now there are no reports on the cytotoxicity of compounds 3-6 against tumor cell lines. The results suggest that the main cytotoxic activity of the fraction of C. lansium might be attributed to 3-formyl carbazole (4), methyl carbazole-3-carboxylate (5) and 2-methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde (6). C-NMR spectra were recorded on Bruker Avance DRX 500 NMR spectrometer with TMS as the internal standard. ESI-MS and HR-ESI-MS were obtained on a Bruker Q-TOF mass spectrometer. Silica gel (160-200 mesh, 200-300 mesh, Qingdao Marine Chemical Plant, Qingdao, China) used for column chromatography and Sephadex LH-20 were supplied by Amersham Pharmacia Biotech (Beijing, China). Analytical grade solvents were produced by Beijing Chemical Factory (Beijing, China).
Plant Material
The fresh stems (6.0 kg) of C. lansium were collected from Yulin, Guangxi Province, China (22.38° N latitude and 106.42° E longitude), September 2011, and identified by Haibo Yin of Liaoning University of Traditional Chinese Medicine. Voucher specimens (BNU-HSL-Dushushan-2011-09-16-015) were deposited at the herbarium (BNU) in the College of Resources Sciences, Beijing Normal University.
Extraction and Isolation
The dried stems (6.0 kg) were extracted under ultrasound three times (each for half an hour) with petroleum ether-ethyl acetate (PE/EtOAc) (12 L). The extract was evaporated in vacuo to obtain a crude extract (39.1 g). The suspension was fractionated by silica gel column chromatography (160-200 mesh, 5.5 × 52 cm, 500 g), using a gradient solvent system of CHCl 3 The above data were identical to the literature data [23, 24] . . Its NMR data were in accord with the reported data [25] [26] [27] [28] . C-1'), 18.2 (C-4') .
2-Methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde (6). Yellow needles. HR-ESI-MS

Cytotoxicity Assay
The cytotoxicity of compound 1-6 were determined by the CCK-8 assay. Hela (cervical cancer), K562 (leukemia), A549 (lung cancer), H1299 (non-smalllung carcinoma), SMMC-7721(liver cancer) were purchased from the Chinese Academy of Medical Sciences (Beijing, China). Doxorubicin (DOX, adriamycin, Actavis Italy S.p.A., Beijing, China) was the positive control. All cells were grown and maintained in RPMI 1640 (Sigma, St. Louis, MO, USA) medium supplemented with 10% fetal bovine serum (Grand Island, NY, USA), 100 IU/mL penicillin (Flow Lab, Beijing, China) and 100 μg/mL streptomycin (Flow Lab, Beijing, China) at 37 °C, 5% CO 2 and 90% humidity. Cancer cells were seeded in the growth medium (100 µL) into 96 well microtiter plate (5 × 10 3 cells per each well). After 4-6 h preincubation in the incubator (Forma Series ΙΙ Water Jacket) to allow cellular attachment, various concentrations of test solution were added and cells were incubated for 36 h. At the end of the incubation, CCK-8 reagent (Cell Counting Kit-8, Dojindo, Kumamoto, Japan, 10 μL) was added into each well followed by further incubation for 2 h. The optical density (OD) was measured at 450 nm using a multiscan microplate reader (Thermo, Shanghai, China). Each determination represented the average mean of six replicates. The half maximal growth inhibitory concentration (IC 50 ) value was calculated the line equation of the dose-dependent curve of each compound.
Conclusions
Phytochemical investigation of the PE/EtOAc extract of C. lansium led to two compounds isolated for the first time from this plant, 8-geranyloxypsolaren (3) and 2-methoxy-1-(3-methyl-buten-1-yl)-9H-carbazole-3-carbaldehyde (6) and four known compounds, imperatorin (1), isoimperatorin (2), 3-formylcarbazole (4) and methyl carbazole-3-carboxylate (5) . All the compounds were tested for their in vitro cytotoxic activities against Hela, K562, A549, H1299 and SMMC-7721 tumor cell lines. Compound 4 showed the most potent cytotoxic activity against K562, H1299 and SMMC-7721, while compound 5 exhibited potent cytotoxicity against H1299 and SMMC-7721 and compound 6 exhibited potent cytotoxic effects only against SMMC-7721.
